

[image: image1]
Unilateral transforaminal lumbar interbody fusion through a modified hemilateral spinous process-splitting approach









 


	
	
TYPE Review
PUBLISHED 21 December 2023
DOI 10.3389/fneur.2023.1274384






Unilateral transforaminal lumbar interbody fusion through a modified hemilateral spinous process-splitting approach

Guanyi Liu1, Xiaodi Zou2, Yanzhao Dong3, Ahmad Alhaskawi3, Lihua Hu1, Lu Mao4, Jun Qian5, Jichong Ying1, Sahar Ahmed Abdalbary6, Olga Alenikova7, Yizhong Ma1* and Hui Lu3,8*


1Ningbo No. 6 Hospital, Ningbo, China

2Second Affiliated Hospital, Zhejiang Chinese Medical University, Hangzhou, China

3First Affiliated Hospital, School of Medicine, Zhejiang University, Hangzhou, China

4Zhongda Hospital, Southeast University, Nanjing, China

5First Affiliated Hospital of Anhui Medical University, Hefei, China

6Department of Orthopedic Physical Therapy, Nahda University, Beni Suef, Egypt

7Republican Research and Clinical Center of Neurology and Neurosurgery, Minsk, Belarus

8Alibaba-Zhejiang University Joint Research Center of Future Digital Healthcare, Zhejiang University, Hangzhou, China

[image: image2]

OPEN ACCESS

EDITED BY
 Pei Shang, Mayo Clinic, United States

REVIEWED BY
 Fulvio Tartara, Istituto Clinico Città Studi (ICCS), Italy
 Hui Lu, Louisiana State University, United States

*CORRESPONDENCE
 Yizhong Ma, myz18758307679@163.com 
 Hui Lu, huilu@zju.edu.cn

RECEIVED 08 August 2023
 ACCEPTED 29 November 2023
 PUBLISHED 21 December 2023

CITATION
 Liu G, Zou X, Dong Y, Alhaskawi A, Hu L, Mao L, Qian J, Ying J, Abdalbary S, Alenikova O, Ma Y and Lu H (2023) Unilateral transforaminal lumbar interbody fusion through a modified hemilateral spinous process-splitting approach. Front. Neurol. 14:1274384. doi: 10.3389/fneur.2023.1274384

COPYRIGHT
 © 2023 Liu, Zou, Dong, Alhaskawi, Hu, Mao, Qian, Ying, Abdalbary, Alenikova, Ma and Lu. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.
 

Objective: To describe unilateral transforaminal lumbar interbody fusion (TLIF) via a modified hemilateral spinous process-splitting (MHSPS) approach and determine its effectiveness.

Methods: Sixty-five consecutive patients with the lumbar degenerative disease who underwent MHSPS TLIF between August 2020 and July 2021 were retrospectively analyzed. Japanese Orthopedic Association (JOA) score and visual analog scale (VAS) scores for back and leg pain were evaluated before surgery and at the last follow-up. Postoperative paraspinal muscle atrophy was evaluated on axial T2-weighted magnetic resonance imaging.

Results: Mean JOA score increased from 13.6 ± 3.21 before surgery to 24.72 ± 3.34 at last follow-up (p < 0.001). The mean recovery rate was 68.2% ± 5.68%. Clinical outcome was excellent in 22, good in 35, and fair in 8 patients. The VAS score for low back pain was significantly lower at the last follow-up than before surgery (1.18 ± 0.99 vs. 3.09 ± 1.35; p < 0.001). The VAS score for leg pain was also significantly lower at the last follow-up than before surgery (1.13 ± 0.91 vs. 6.61 ± 1.23; p < 0.001). The mean paraspinal muscle atrophy rate did not significantly differ between the symptomatic side (6% ± 3.8%) and asymptomatic side (4.8% ± 3.3%) at last follow -up (p = 0.071).

Conclusion: MHSPS TLIF is an effective minimally invasive surgical treatment for selected types of degenerative lumbar disease. This technique can achieve effective spinal decompression and interbody fusion. Its advantages include direct and adequate visualization, vast surgical working space, short operation time, and minimal muscle injury.
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Introduction

Transforaminal lumbar interbody fusion (TLIF), first described by Harms et al. (1) in 1982, has become widely accepted as a standard surgical treatment for degenerative lumbar disk disease (2). Advantages of TLIF over posterior lumbar interbody fusion include minimal dural retraction, high surface area and sufficient blood supply for bony fusion, ability to maintain or restore intervertebral body height, and low risk of postoperative radiculitis (3). Although the conventional midline open approach provides good visualization and vast working space, it requires bilateral detachment and retraction of the paraspinal muscles, which may cause low back pain and atrophy of the muscles (4, 5). To mitigate these potential issues, surgeons have developed minimally invasive (MIS) techniques for TLIF. MIS procedures aim to minimize postoperative pain and preserve muscle integrity, and MIS TLIF using a tubular retractor (2) and TLIF via the Wiltse paraspinal approach (6) have been developed as alternatives. Other MIS-TLIF procedures have also been devised for specific and limited indications. Most MIS approaches require longer operation time and sacrifice surgical visualization and working space to minimize paraspinal muscle damage (6, 7). As a result, they are associated with higher risks of incomplete neural decompression and pseudarthrosis than the conventional open midline approach (7).

Watanabe et al. (8) introduced a spinous process-splitting approach for lumbar laminectomy in which the lamina is exposed by longitudinally splitting the spinous process into halves, while the soft tissue attachments to the spinous process are left intact. This procedure offers more expansive surgical working space and optimizes visualization while causing less muscular damage than the conventional approach (8). Because most lumbar degenerative disease patients suffer from unilateral lower extremity pain, bilateral splitting of the spinous process is unnecessary. Chatani et al. (9) described unilateral partial laminectomy using a hemilateral spinous process-splitting (HSPS) approach for lumbar spinal stenosis and reported satisfactory results. With this approach, the spinous process is split in the midline without stripping the attached muscles; then, the lateral half of the spinous process is resected at the base to expose only the ipsilateral lamina (9). This study aimed to describe unilateral TLIF via a modified HSPS (MHSPS) approach and report our experience with it in patients with lumbar degenerative disease and radiculopathy.



Methods


Patients

Clinical data from consecutive patients with unilateral symptoms who underwent MHSPS TLIF between August 2020 and July 2021 were retrospectively reviewed. A single experienced orthopedic surgeon performed all operations. The study protocol was approved by the Ethical Review Board of Ningbo No. 6 Hospital.

Patients who met the following criteria were eligible for inclusion: (1) diagnosis of lumbar degenerative lumbar disk herniation, stenosis, or spondylolisthesis in conjunction with unilateral lumbar radiculopathy; and (2) failure of at least 3 months of conservative treatment. We excluded patients with bilateral lower extremity symptoms, scoliosis, a history of previous lumbar spine surgery, and patients less than 18 years old or less than 12 months of follow-up. Those with incomplete data were also excluded.



Surgical technique

After induction of general anesthesia, patients were positioned prone on a radiolucent frame. Anteroposterior fluoroscopy was performed to mark the surgical level(s). A midline incision was made, and the spinous processes and interspinous ligaments cranial and caudal to the surgical level(s) were exposed. The subcutaneous tissue on the asymptomatic side was separated from the surface of the lumbodorsal fascia. The Wiltse interval between the medial multifidus and lateral longissimus muscles was identified and bluntly separated. Pedicle screws (Guanlong Co., Ltd., Jinan, Shandong, China) were then inserted.

On the symptomatic side, the lateral half of the spinous process and interspinous ligaments were longitudinally split and broken at the base. Next, they were retracted laterally along with the attached paravertebral muscles. Unilateral laminectomy, facetectomy, and discectomy were then performed under direct vision, followed by a standard TLIF (2). Adequately high cage (GN Tech Co., Ltd., Chengdu, Sichuan, China) was used for interbody fusion, which could allow contralateral indirect decompression. After the insertion of pedicle screws through the surgical field on the symptomatic side, the screw and rod system were locked with mild pressure. The retracted spinous process half was reattached to the portion of the spinous process left in place using transosseous sutures. The interspinous ligaments were repaired using sutures (Figures 1, 2).
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FIGURE 1
 Illustration of the hemilateral spinous process-splitting transforaminal lumbar interbody fusion procedure. Pedicle screws on the asymptomatic side were placed using a Wiltse approach (A). The spinous process was split in the midline with the attached muscles left intact and a hemilateral half of the spinous process for the decompression side was broken (B). After unilateral decompression and interbody fusion were achieved, pedicle screws on the symptomatic side were inserted through the surgical field (C). The spinous process was reattached (D).
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FIGURE 2
 Intraoperative images. Exposure of the cranial and caudal spinous processes (A). The Wiltse interval was identified (B) and bluntly separated for pedicle screw placement on the asymptomatic side (C). The spinous process was longitudinally split and broken at the base on the symptomatic side, then laterally retracted (D). The vertebral canal was exposed (E). After the TLIF procedure, the spinous process was reattached by transosseous sutures (F).




Evaluation of clinical outcome

The Japanese Orthopedic Association (JOA) score for lumbar spinal disorders was determined before surgery and at the last follow-up (10). The recovery rate was calculated as (postoperative score − preoperative score)/(total score − preoperative score) × 100. Outcomes were defined according to recovery rate: excellent, recovery rate ≥ 75%; good, 50–74.9%; fair, 25–49.9%; and poor, <25%. Visual analog scale (VAS) scores for leg and back pain were also determined.



Radiographic evaluation

Preoperative and final follow-up lateral radiographs were reviewed for evaluating global lumbar lordosis and segmental lordosis (11). Postoperative computed tomography was used to assess interbody fusion and bony union of the split spinous process. Approach-related paraspinal muscle damage was evaluated by measuring a cross-sectional area of the paraspinal muscles at the surgical level on the symptomatic (decompression) side on axial T2-weighted magnetic resonance imaging performed before surgery and at the last follow-up (Magnetom Avanto; Siemens, Munich, Germany). The muscle atrophy rate was calculated as (1 − total postoperative area/total preoperative area) × 1008. The paraspinal muscles on the asymptomatic side were used as a control (9). Radiographic evaluation was performed by two radiologists blinded to the study data. Any disagreements were resolved via discussion and consensus.



Statistical analysis

Statistical analyses were performed using SPSS software version 18.0 (IBM Corp., Armonk, NY, USA). Pre- and postoperative clinical results were compared using the two-sample t-test. Muscle atrophy rate was reached between the symptomatic (decompression) side and the asymptomatic side using the paired t-test. All tests were two-sided. P < 0.05 was considered significant.




Results

Sixty-five patients (43 men and 22 women) were included for analysis (Figures 3, 4). The mean age at the time of surgery was 52.27 ± 8.76 years. Preoperative diagnosis was degenerative disk disease with herniated nucleus pulposus in 39 patients, spondylolisthesis in 21, and lumbar stenosis in 5. The number of surgical levels was one in 49 patients and two in 15; three-level surgery was performed in one patient (Table 1).
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FIGURE 3
 A 58-year-old woman underwent MHSPS TLIF for L4/5 lumbar spinal stenosis with instability and unilateral lower extremity pain. Preoperative sagittal computed tomography confirmed segmental instability (A). Preoperative sagittal (B) and axial (C) T2-weighted magnetic resonance imaging shows lumbar spinal stenosis and instability. Three days after surgery, axial computed tomography shows the split spinous process of two levels (D,E). Postoperative sagittal computed tomography 1 year after surgery shows a robust interbody fusion (F). Axial (G) and sagittal (H) T2-weighted imaging 1 year after surgery shows good decompression and no marked difference in the cross-sectional area of the paraspinal muscles. Axial computed tomography 1 year after surgery shows a bony union of the spinous process of two levels (I,J).
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FIGURE 4
 A 69-year-old man underwent MHSPS TLIF for L4/5 lumbar spinal stenosis with instability and unilateral lower extremity pain. Preoperative sagittal computed tomography demonstrates segmental instability (A). Preoperative sagittal (B) and axial (C) T2-weighted magnetic resonance imaging shows L4/5 and L5/S1 spinal stenosis. Axial computed tomography 5 days after surgery shows the split spinous process at two levels (D,E). Postoperative sagittal computed tomography demonstrates good interbody fusion (F). Sagittal (G) and axial (H) T2-weighted imaging 1 year after surgery shows sufficient decompression and no marked difference in the cross-sectional area of the paraspinal muscles. Axial computed tomography 1 year after surgery demonstrates a bony union of the spinous process at two different levels (I,J).




TABLE 1 Patient demographic data.
[image: Table1]

The mean follow-up was 15.6 ± 3.7 months (range, 12–26). Mean operation time was 70.5 ± 15.6 min for one-level surgery, 120 ± 10.2 min for two-level surgery, and 160 min for three-level surgery.

All 65 patients experienced symptom relief after surgery. JOA score was significantly higher at the last follow-up than before surgery (24.72 ± 3.34 vs. 13.6 ± 3.21; p < 0.001, Figure 5). The mean recovery rate was 68.2% ± 5.68%. The outcome was excellent, good, and fair in 22, 35, and 8 patients. The VAS score for low back pain was significantly lower at the last follow-up than before surgery (1.18 ± 0.99 vs. 3.09 ± 1.35; p < 0.001). The VAS score for leg pain was also significantly lower at the last follow-up than before surgery (1.13 ± 0.91 vs. 6.61 ± 1.23; p < 0.001).
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FIGURE 5
 Bar graph showing the JOA score before and after surgery.


Lumbar lordosis and segmental lordosis slightly increased from preoperative (42.49 ° ± 8.1° and 14.96° ± 5.12°) to preoperative (43.78 ° ± 7.29° and 16.2° ± 4.78°), but there was no significant difference (t = −0.955 and − 1.415, p = 0.341 and 0.159 respectively). Interbody fusion and fusion of the split spinous process were achieved in all patients. The mean paraspinal muscle atrophy rate did not significantly differ between the symptomatic (decompression) side (6% ± 3.8%) and the asymptomatic side (4.8% ± 3.3%) at the last follow-up (p = 0.071; Figure 6). Only one complication, a misplaced pedicle screw that required surgical repositioning, was observed; the patient experienced no neurological sequelae.
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FIGURE 6
 Scatterplot showing the mean atrophy rates of the paraspinal muscles on the axial T2-weighted imaging on the decompression (longitudinal axis) and nondecompression sides (horizontal axis). The atrophy rates did not significantly differ between the two sides.




Discussion

Unilateral TLIF with bilateral pedicle screw fixation is a standard surgical treatment for lumbar degenerative disease (2, 3). The conventional open approach is widely used because of its safety, straightforward technique, and good visualization (1). However, it requires extensive muscle stripping and retraction, which can cause iatrogenic muscle injury resulting in postoperative low back pain and/or failed back surgery syndrome (4, 5). MIS TLIF procedures are associated with less paraspinal muscle damage (6, 7). The Wiltse approach accesses the spine through the anatomic cleavage plane between the multifidus and longissimus muscles. Compared to the conventional approach, it causes less paraspinal muscle damage, blood loss, and back pain and is associated with better recovery of lumbar function (6, 12, 13). Although the Wiltse approach provides good exposure of the articular and transverse processes and enables pedicle screw placement, laminectomy can be challenging to perform because the medial multifidus impedes exposure of the lamina, especially in muscular or obese patients (6). A novel surgical retractor for specific use with the Wiltse TILF approach has recently been designed (6).

Watanabe et al. (8) compared lumbar stenosis patients who underwent lumbar laminectomy via the spinous process-splitting approach with those who underwent conventional laminectomy and reported that the latter approach provided adequate surgical working space and good visualization and caused less muscular injury than the conventional approach (8). Many other reports have confirmed the superiority of the spinous process-splitting approach (8, 9, 14–17). However, only some studies of this approach for TLIF have been previously reported. Mori et al. (18) studied patients who underwent single-level open pedicle screw fusion for degenerative spondylolisthesis (27 patients underwent the spinous process-splitting approach, and 26 underwent the conventional approach) and found the spinous process-splitting approach was less damaging to the paraspinal muscles; moreover, the patients who underwent the spinous process-splitting procedure had less low back discomfort 1 year after surgery. Our group recently compared a spinous process-splitting TLIF technique with conventional TLIF in patients with lumbar degenerative or isthmic spondylolisthesis and found that the spinous process-splitting technique allows for better visualization and a more expansive working space and minimizes damage to the paraspinal muscles (19). The present study modified the spinous process-splitting approach for unilateral TLIF to treat lumbar degenerative disease.

The MHSPS approach for TLIF combines the spinous process-splitting and Wiltse techniques. Unilateral laminotomy and pedicle screw insertion on the symptomatic (decompression) side are performed using the spinous process-splitting approach, while pedicle screw insertion on the asymptomatic side is performed via the Wiltse approach. Fusion was achieved in all patients and the lumbar lordosis was restored in our study. In addition, operation time was short and paraspinal muscle atrophy was negligible. Moreover, after surgery, the mean JOA score significantly increased and VAS scores for low back and leg pain significantly decreased.

Liu et al. (6) also reported improvements in JOA and VAS pain scores 12 months after Wiltse TLIF. In a study of 49 patients who underwent MIS TLIF for degenerative disk disease with a herniated disk, Schwender et al. (20) reported a decrease in VAS pain score from 7.2 before surgery to 2.1 at the last follow-up. The outcomes of our patients are comparable or superior to those reported in previous MIS TLIF studies.

MHSPS TLIF provides a clear surgical field and visualization, enabling a rapid operation. The mean operation time for one-level surgery in our study was 70.5 min; corresponding values were 120 min for two-level operations. These times are lower than those reported in previous MIS TLIF series (6, 12, 13). With the Wiltse and other MIS TLIF techniques, the multifidus is dissected and retracted medially before performing laminectomy. In contrast, with the MHSPS approach, the spinous process is split in the midline, and the lateral half is retracted laterally to expose the surgical field for laminectomy and discectomy. This approach can achieve similar functional outcomes with shorter operation time than the Wiltse TLIF and MIS TLIF without sacrificing visualization or working space.

Pedicle screw placement through the Wiltse approach is widely used and associated with less paraspinal muscle damage than the conventional approach (21, 22). Pedicle screws on the asymptomatic side in our study were placed through the Wiltse approach. Postoperative paraspinal muscle atrophy did not significantly differ between the asymptomatic and symptomatic sides where the decompression was performed. This suggests that any postoperative paraspinal muscle changes were minor. Mori et al. (18) used the spinous process-splitting approach for interbody fusion combined with bilateral pedicle screw insertion using the Wiltse approach in single-level operations and found the degree of paraspinal muscle injury was less than that seen with the conventional open approach. Our surgical technique was similar; however, we inserted pedicle screws on the symptomatic (decompression) side through the surgical incision, not via the Wiltse approach. A potential disadvantage of the spinous process-bilateral-splitting approach is that the force of the multifidus muscle cannot be transmitted to the spine because of the floating spinous process (8). Only the lateral half of the spinous process is broken and retracted with our MHSPS TLIF technique, which might preserve muscle function.

The MHSPS TLIF has several limitations. First, spinous process anatomy can vary between individuals. The reported mean width of the spinous processes at L4 and L5 is 9 mm (range, 3–18) (23) and splitting may be difficult in some. Second, the unilateral approach technique is unsuitable for patients with bilateral lower extremity symptoms; these patients should undergo a bilateral lumbar spinous process-splitting laminectomy approach. Third, the pedicle screw entry point on the symptomatic (decompression) side should be located more medially than on the opposite side because the split spinous process may limit the proper axial screw angle. Forth, although the spinous process and interspinous ligaments are longitudinally split and then repaired, the long-term functional outcome of damaging the posterior midline complex is uncertain (24). Finally, other limitations of this study includ the study type-case series without a control group, as well as the fact that it is debatable whether midline incision surgery can be considered minimally invasive. Future long-term, large-scale randomized controlled studies are warranted to investigate.



Conclusion

MHSPS TLIF is an effective MIS surgical treatment for selected types of degenerative lumbar disease. This technique can achieve effective spinal decompression and interbody fusion. Its advantages include direct and adequate visualization, vast surgical working space, short operation time, and minimal muscle injury.
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